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The primary focus of this paper is on examining the

inter-relationship of those parameters which affect the costs

associated with various forms of telecommunications services.

The

basic limitation in the scope of this paper is that cost will be
examined primarily in a relative sense rather than on an absolute

basis.

We feel that a summarization of actual dollar costs for

alternative forms of telecommunication services or a detailed
explanation of existing common carrier rate structures would only
sarve to confuse the issue or result in an oversimplification of the
cost problem. This paper then will only refer to specific costs for

the purpose of illustrating specific points or general trends.
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TELECOMMUNICATIONS COSTS

Introduction

This paper primarily focuses on examining the inter-relationship of thoge

. parameters which affect the costs associated with various forms of telecommuni-

cations se—:tﬁces. The basic limitation in the scc:pé ;3f this papezf is that costs will
be examined primarily in a relative sense rather than on-an absolute basis. We
feel that a summarization of actual dollar costs for alternative forms of telecom-
munication services or a detailed explanation of existing common carrier rate
structures would only serve to confuse the issue or result in an oversimpliﬁcaiian
of the cost problem. This ?aper. then wili only refer to specific costs for therpur—i

pose of illustrating specific points or general trends.

Telecommunications Parameters

Telecommunication costs are a function cf distancé, amount of usége, and
channel capacity. In addition, the Yorm of the transmitted information and the in-
hexent gharacteris_tiﬁs of the transmission media affect telecommunication costs.
For Véxample, a page of information in the form of an analog video-igz;al would

represent ai:proximately 630, 000 bits of 'information when-digitally encoded whilez

the same amount of information cauld be reprcsented by about ..54»000 blts if en&oded

' in a d1g1#91 data fnrm Telecommumcatmns costs Wlll be highly dependem: on the

med;a chosen for stgrage of the medla chosen for storage of the 1nformatian prmr

to transmissmn,
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Distance

Transmission distance is a fuﬁda:mental parametér affecting tele-
communication costs. Telecommunication rate structures are such that
total cost increases with distance while cost per unit distance either de-
creases or remains constant with increasing distance.

Amount of Usage

Telecommunications usage has a direct effect on ccst.- Existing
common carrier tariffs allow the user to select either full-period or
shared telecommunications services. One example of a shared service
is the DDD network. Charges for this service are directly related to the
length of time the service is used. On the other hand full-period service
chargés are fixed since the user iias the trgnamissicn facility dedicated
to his scle use 100 percent of the time. If a user does not utilize the fa-
cility all of the timé the cost per unit time utilized inc;reases.

Channel Capacity

Channel capaclty refers to the maximum limitations on ;nfcrmatmn
transfer 1mpcsed by the pa.rtmular nature of the telecommuﬁmat ions facilities
bemg utilized. Capacnty is generally measured in terms of bandwﬁth (hertz
or cycles/second) or data rate (blts/second) It should be noted that there

not necessarﬂy a nne=to==one correlaticm betwr zen the tvg*c measures for a

‘ partmular ccmmumcatmn facﬂlty

The relatmns]up between chan.nel capac:lty and telecommumcatmn

o ccsts is not easﬂy definable It is hlghly denendent upcn the nature of the '

o mdtenal be:mg transmltted tne mode of transmlssmr- andthe types of avai1-=




able terminal equipment. Also there is.a d:efinite trade-off hetween channel
capacity and utilization time. However, this is only true in those situations
where real time communications is not a fixed requirement. Voice commun~
ication, Picturephone, and live television channel capacities are dictated by
signal quality considerations.

Existing Telecommunication Services

'E;iisting telecommunication services, as exemplified by the tariffed
offerings of AT&T, enécmpa.ss a broad range of channel capacities and pric-
ing arrangements. The voice grade channel with a nominal band%vidth_ of 3 kilo-
hertz is the basic building block of virtually all telecomm@icatian service
offerings. Table 1 lists the hierarchy of telecommunication channels. The
groupings illustrated are not arbitrary but reflect the manner in Whicl,; com-
mon carriers have historically combined channels in a physical sense.

In making some basic comparisons about the costs associated with

existing telecommunications services one can divide these services into three

catagories. Narrow band services include those services which are classically
referred to as telegraph, utilize dlglta.l transmission rather than analog, and
operate at speed& of 150 bits per second and below. Medlum bdnd services

are those Wthh are classmally referred to as voice grade utlllze analog tran-

smissma rates up to 9600 bits per second. W1deband services are those whlch

are classmally ealled group .ﬂﬂ super graup band w1dths and are greater than

vome grade Wideband facﬂums wﬂl ha.ndle data ;ates in excess af 9600 blts
7pex second Wlth max:mum clata rates determined by the spemfm type of facility

'being used o
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Costs of Existing Services

When one examines the cost structure agsociated with existing services
several facts immediately become clear. Cost comparisons between narrow
band and medium band services indicate that except in special situations where
very low volumes of data transmission are involved that medium band or voice
grade facilities are the more cost effective choice. For example, at a distance
of 1000 miles, full period telegraph facilities, with a maximum speed of 150
bits per second, are available at approximately $800 per month while full per-
iod voice grade facilities which can handle much faster data rates are available
for a basic price of $1100 per moﬁth_ Again, at the same.distance on a switched
rbasis, narrow band TWX éhafges are $. 50 per minute, while as direct dial voice
grade charges are $1. 15 for the initial three minute period. Even at the present
time, there are serious questions with respect to the cost-effectiveness of narrow
bam:‘] telegraph typt;: facilities and szrvices.

With respect to trade-offs in the cost of both medium band and wide band
services there is little that ¢an be said that would be meaningful because the
particular -type of service which would represent an economic choice is highly de~
pendent upon the actual or prcjected traffic characteristics ;:>f the sjrstem, in ques-
tion. The general relatianship between cost of medium band and wide band ser-

vices is that the basm w1deband service (a group equ;valent to 12 vo:.ce chd,nnels)

.15 approxm:ately 10 t:imes more costly than a smgle medium band voice grade

channelg This is true for ,bqth switched and. full permd private line services. The

: vac—t_ué.l channel capacity »a‘vailéable to users of medium band and wide band services

e
; »VD




Facility

** Telpak C
¥k Qeries 8000
* Data Phone 50
~ ** Saries 3000

* DDD

TABLE 2

TRANSMISSION COSTS

(1000 Mile Distance)

Bandwidth

240 kHz

48 kliz

48 kHz

3 kliz

3 kHz

¥.  Terminal Charges Not Included

Speed
250 kbps

50 kbps

50 kbps -

9. 6 kbps

2.4 kbps

*k Assuineg 24 Hours 7 Day/Week Utilization

- $/megabit
_(approx.)

$ .05
$ .09
$ 1.20
$ .08

$ 2.70




is dependent upon the terminal equipment which is utilized. For example,
on medium band services there are modems commercially available to handle
transmission speeds from alz;préximately 75 bits per second up to 9660 bits
per second. | ‘ :
Table 2 illustrates the cost per megabit transmitted for some of the
commonly available telecommunications services. The costs shown are min-
imum rather than average and are based on 100 percent operating efficiency.
The basic conclusion to be drawn from the existing structure of telecommun-
ication costs is that peak information volume is a highly critical factor affect-

ing not only total telecommunications costs, but the per unit volume cost as

well.
Xrends Affecting Future Telecommunications
Certain trends now evident are expected to have a dramatic effect on

telecommunications costs over the next two decades. This section identifies

those trends and discusses the likely effect on telecommunication costs. Most
cost reductions in the future will be the result of developments in two areas, L
technology and regulatory policy. The primary areas which we will examine

are the following:

s oG TN

o Picturephone

o . Digital Transmission Systems

0 ” Daf;a Conilireésian Techniques

o Spécia; Se;'vicé VC‘rbmmon Carriers

o Competitive Forces
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Digital Transmission

The existing telecommunications network utilizes both analog and
digital transmission systems. Analog systems are by far the most com~
mon at the present time, but digital carrier systems are _being‘:insta_lled
at a rapid rate. The primary difference Eet*ween these systems is the
manﬁe;‘ in which information is represented.. Digital systems transmit
information as discrete signals while analog systems encode information
into continuous signals.

On a cost basis digital transmission systems will be approximately
equivalent to analog transmission systems of equal voice channel capacity.
The ﬁrimary advantage with digital transmission systems is their ability
to inter-mix various type of signals and achieve more efficient tria,nsnﬁs»
gion of rsignals other than voice.

An example of the efficiency of digital systems can be seen by com-
- paring the equivalent bit ra;tes oh digital and analog voice grade channels.
On analog systems 9600 bits per second appears to be the highest practic-

- able bit rate that can be obtained now and, Eeéause of certain constraints

in nllluc:'h' of the téléccmmunicétigns netwc’_xi"!g, this is Iﬁuch 'm:ﬁre likely to be
4800 blts ;:er second-._r Ona digital transhiiésicn systeiﬁ one %mice channel
isiequirvale’nt to 56\," 000 bits per seédﬁd.

| Another example of the etﬁmency of d1g1ta.1 transmlsslon 1s . Picture-

| phone Although the Pmturephane set praduces an analng s:;gna.l it is pasmble

'to sa:mple and encode the signal for dlgn:a.l transmlssmn Plcturephone 51g-

_:na.ls transm?"ted on _an analog system dlsplace either three DI‘ faur hundred
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voice channels (depending on whether the transmission media is microwave

" or coaxial cable radio relay). Picturephone signals transmitted on a digital

system displace 96 voice channels. As a further example, one can obtain x
250 kilibits per second transmission today on the equivalent of 60 voice chan-
nels on an analog super-group, whereas the Bell System T-2 carrier, whick

is scheduled to be installed initially this year, is a digital system that will

provide 6.3 megabits per second on the equivalent of 96 voice channels.
There are other more advanced digital transmission eystems:under

development which will have data transmission capabilities far in excess of

the input/output data rates that present day computers can handle. For ex-

vam'pie, the T-5 carrier system, which is a high capacity long-haul carrier ,
scheduled for initial installation around 1975, has a per channel data rate *
in excess of 5, 000 megabits per second. Millimeter wave transmission

systems utilizing wave guides and optical systems using lasers are expected
to be placed into eerviee in the late 1970's or early 1980's. These systems
.are expected to have data transmission capacities in the neighborhc'od of

2,5, 000 inegabits per eeeond! We expect, because of theee advancee, that

. data ff'ansmiesmn costs are llkely to drop by a fector of two by 1974 and very

O i o B . e g S e sl e,

vhkely by a. fa,ctar of f1ve by 1980
Imtla.lly, dlgltal tranemlesmn facﬂities wﬂl only he uged fcr eammon
;ﬁcerner intereoffiee tranemlssmn. However by the nud=70's digital trane- -

7 mlBSlOll eapablhty Wl].l be extended tc: user premiees,

' AdvancesmdatacompressmnteehmquesW111effectthe cost of trans-.
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mitting analog and digital signals. These techniques are expected to i:e
particularly effective in reducing the cost of transmitting such analog in-
formation as facsimile or v-i:den, This will be done by digitally encoaizlg
the analog signal prior to transmission in such a manner so that a large
percentage of the redundancy is eliminated. Bell Labs has indicated that
they may be able to substantially reduce the requivalent voice channel trans-
mission requirements for Picturephone using techniques of thié type. Sim-
ilar techniques can be easily applied to encoding the transmission of analog
images stored on microfilm, video tape, or by facsimile.

Data compression encoding techniques are also applicable to digital
data. One such technique in use at the bpresent time eliminates excess tran-
smission of repetitive blanks or zeros. There are also highly efficier‘xt
variable length codes available for alphabetic information wluch take advan-

tage of the frequency of occurance of the letters of the alphabet in the English

language.

Special Service Common Carriers

With the MCI decision the Federal Gommm;ications ‘Commission gave the

. ”gc—ahead fnr the estabhshment of spemal service common carrlers Who w:ll
: foi'fer prwate lme cnmmunmatmn facﬂitIES for both analog and d1g1tal trans=-
ﬁnssmn m ﬁompétitmn W1th the telephnne carners. These earrlers are pro-
%._posing prlce schedu]es Wthh are substantlally belc»w those currently prowded

by the estabhshed cornmon carriers. We expect that apprnval w:ll eventually

be granted for the estabhshment cf these spec;la.l servme comrnon carrier net—
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works, although it will be approximately three to five years befoxje'these

services will be universally available. Although ‘these carriers are pro-

posing to provide telecommunications servicee at costs substantially low-

er than the Beil System it remﬁins to be seer whether or not these price

schedules are realistic and whether or riot the proposed r;ates are actually
compensatory. '

Copgpetitiye Forces

With the advent of the special service common carriers we are be-
ginning to see the development of competitive forces within the telecom-
municatian industry with respect to the offering of common carrier ser-
vices. It is likely that the existance of the special service common car- i

‘riers, or even the threat of their existance, will cause som;a radical de~
partures from past practices on the part of the Bell System and other tele-

phone companies in the manner which they determine their rates. The

Bell System has stated that if the MCI type carriers are allowed to com-
pete with them on their high usage routes that Bell will very likely will

have to drop its previous policy of national avéraging when establishing

e o A<t b i

rates. . The alterna.tiv_e approach which they will likely deye'lop is to base
rates beﬁe’en cities on the aetusfﬂ:’ cgst of the facilities installed. The ex-
perinienﬁal taifj‘ff for Seriés 11000 channels which is now ih effect dées in
3 fact constitutéa; step in this d'ife"c;i:ién." The‘ oVerall- effecitv 6f‘s'iieh a change
“in rate makmg ph:losophy W111 substantlally decrease teleccmmumcatlon

B costs for rural and less: heav;ly populated areas m the countrv




Conclusions

Telecommunications costs are highly dependent on the volume of information
transfer, system :respc’mse time requirements, and the form of information storage
media utilizédi Existing trends point toward technological developments which are
-expected to radically reduce the cost of transmitting digital data, however, no
equivalent reduction in the cost of analog information .transmissidn is expected.

Typical data communications costs on a per megabit basis have a variation
of almost 2 orders of magnitude. Full time utilization is the key to achieving max-
imum economies in information transfer. Long-term telecommunications economies
can only be achieved when the network design process allows for tile technological
advances which are likely to affect the telecommunications cost structure. Failure
to anticipate these technological strides will result in networks which may be ﬁ;)where
near optimum in even as short a period as five years. In addition, a lack of antici-
pation may xiesult in the selection of information st.drage media which results in an

" extremely expensive conversion at some future date.
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